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DQGSUHVVXUHVDERYHWKHFULWLFDOSRLQWRIZDWHULHDERYHWKHWHPSHUDWXUHDQGSUHVVXUHDWZKLFKWKHOLTXLGDQGJDV
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UHVXOWV LQ KLJKHU HIILFLHQFLHV± DERYH0RVWZRUNRQ WKH FRUURVLRQ UHVLVWDQFHRI WKHVHPDWHULDOV IRFXVVHVRQ
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UHVLVWDQFHLQIRVVLOIXHOERLOHUHQYLURQPHQWVVKRZDFFHSWDEOHSHUIRUPDQFH$EDQJ/LVNHWDO+RZHYHUVXFK
ERLOHUPDWHULDOVPD\KDYHSRRUSHUIRUPDQFHZKHQXVHG LQELRPDVVERLOHUVGXH WR WKHXQLTXHFRUURVLRQDQGDWWDFN
PHFKDQLVP)RU LQVWDQFH WKH SUHVHQFHRI.&O LQ WKHGHSRVLW IRUPHGRQERLOHU JUDGH73+)* VWDLQOHVV VWHHO
PDGHWKHFRUURVLRQDWWDFNPRUHVHYHUHUHVXOWLQJLQWKHIRUPDWLRQRIDPRUHXQLIRUPDQGGHHSHULQWHUQDODWWDFNDVWKH
.&OFRQWHQW LQFUHDVHG/LWK)UDQGVHQHWDO-RQVVRQHWDO -RQVVRQ)RONHVRQHWDOVKRZHGWKDW WKH
FRUURVLRQ SURFHVV RI )H±&U±0R VWHHO ZDV LQLWLDWHG EHORZ  & OHDGLQJ WR D IDVW UHGLVWULEXWLRQ RI .&O
SDUWLFOHV DQG LURQ LRQVRQ WKHPHWDO VXUIDFHDQG UHSRUWHG WKDWFKORULQH LQFUHDVHV WKHR[LGDWLRQ UDWH E\GHFRUDWLQJ
R[LGHJUDLQERXQGDULHVDQGGHFUHDVHVWKHR[LGHVFDOHDGKHVLRQ
7KHXVHRIDVXLWDEOHFRUURVLRQUHVLVWDQWFRDWLQJLVDQHFRQRPLFDOO\DWWUDFWLYHDSSURDFKWRVROYLQJWKLVSUREOHP
$PRQJDYDLODEOHDQGFRPPHUFLDOFRDWLQJPDWHULDO1L&UEDVHGFHUPHWVDQGDOOR\VDUHZLGHO\XVHGFRPPHUFLDOO\WR
SURYLGHHURVLRQDQGFRUURVLRQUHVLVWDQFHHYHQDWHOHYDWHGWHPSHUDWXUHV6HYHUDOPDMRUVXUIDFHWHFKQLTXHVKDYHEHHQ
DGRSWHGE\LQGXVWU\DQGUHVHDUFKHUV7KHUPDOVSUD\LQJWHFKQLTXHVVXFKDVKLJKYHORFLW\R[\JHQIXHO+92).LP
+ZDQJ HW DO  %KDGXUL ,QGLUD HW DO  $O)DGKOL 6WRNHV HW DO  6LGKX 6LGKX HW DO  2NVD
$XHUNDUL HW DO  KDYH EHHQXVHG WR VSUD\ SURWHFWLYH FRDWLQJRQ VXUIDFH RI ERLOHU WXEHV DQGKHDWH[FKDQJHUV
&KHPLFDOYDSRXUGHSRVLWLRQ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39'/H\HQV
:ULJKW HW DO DUHDOVRXWLOL]HG WRGHSRVLWSURWHFWLYHFRDWLQJV IRUERLOHUV+RZHYHU WKHLUGHSRVLWLRQ UDWH DQG
OLPLWDWLRQRIKHDWH[FKDQJHUVL]HGXHWRWKHVL]HRISURFHVVFKDPEHUUHVWULFWSRWHQWLDODSSOLFDWLRQLQERLOHULQGXVWU\
:HOGLQJ WHFKQLTXHVVXFKDV*7$:.DZDKDUDDUHRWKHUNLQGVRIZLGHO\XVHGVXUIDFH WHFKQRORJ\ LQERLOHU
FRDWLQJLQGXVWU\,QQRYDWLYHWHFKQLTXHVLQWKLVDUHDLQFOXGHFODGGLQJZLWKKLJKHQHUJ\EHDPVLHSODVPDDQGODVHU
FODGGLQJ/DVHUFODGGLQJLVHVSHFLDOO\SRSXODUGXHWRLWVZHOONQRZQDGYDQWDJHVRIKLJKTXDOLW\RIGHSRVLWHGFRDWLQJ
PLFURVWUXFWXUHVPDOOKHDWDIIHFWHG]RQH+$=DFFHSWDEOHFRVWDQGKLJKGHSRVLWLRQVSHHG
8XVLWDOR HW DO FRQGXFWHG D VHULHV RI FRUURVLRQ WHVWV LQ FKORULQH FRQWDLQLQJ DWPRVSKHUH RQERLOHU VWHHOV+92)
WKHUPDO VSUD\HG 1L&U DOOR\ FRDWLQJV DQG ODVHUPHOWHG +92) 1L&U DOOR\ FRDWLQJV IRU   DQG  K
8XVLWDOR9XRULVWRHWDO8XVLWDOR9XRULVWRHWDO8XVLWDOR9XRULVWRHWDO7KH1L&UDOOR\VXVHG
ZHUH1L&UDQG1L&U7KHFRUURVLRQUHVLVWDQFHRIWKHVH1LEDVHGKLJK&UFRDWLQJPDWHULDOVZDVVDWLVIDFWRU\LQ
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%OXQLDQG0DUGHU1HYHUWKHOHVVWKHEHVW+92)FRDWLQJVZHUHDEOHWRWRWDOO\SURWHFWWKHFRDWHGORZ
DOOR\ IHUULWLF VWHHO IURPFRUURVLRQ DWWDFN IRU VKRUWSHULRGVZLWK ODVHUPHOWLQJ UHPDUNDEO\ LQFUHDVLQJ WKH FRUURVLRQ
UHVLVWDQFH RI +92) FRDWLQJV GXH WR HOLPLQDWLRQ RI WKH RULJLQDO WKHUPDOO\ VSUD\HGPLFURVWUXFWXUH ,W LV WKHUHIRUH
H[SHFWHGWKDWDODVHUFODG1L&UOD\HUZLOOSURYLGHDEHWWHUVROXWLRQWRFKORULQHDVVRFLDWHGFRUURVLRQWKDQDWKHUPDOO\
VSUD\HGFRDWLQJRIWKHVDPHFRPSRVLWLRQVLQFHWKHODVHUFODGPLFURVWUXFWXUHZLOOEHIUHHIURPLQFOXGHGR[LGHVDQG
H[WHQVLYHSRURVLW\6FKQHLGHU3UHYLRXVZRUNRIVRPHUHVHDUFKHUVKDVVKRZQWKHSRWHQWLDOIRUODVHUFODG1L&U
EDVHGDOOR\VDVFRUURVLRQUHVLVWDQWFRDWLQJ/LHWDO/L/LHWDOGHSRVLWHG+DVWHOOR\&DOOR\1L&U0RRQ
73+VWDLQOHVVVWHHOWXEHDQGFRUURVLRQSHUIRUPDQFHLQDQ+&OHQYLURQPHQW/DVHUFODG&OD\HURXWSHUIRUPHG
ERWKWKHXQFRDWHGVWHHODQGEXON&7KLVVXSHULRUFKORULQHFRUURVLRQUHVLVWDQFHZDVDWWULEXWHGWRWKHSUHVHQFHRI
SURWHFWLYH&U2LQWKHVFDOHDQGWKHUHILQHGJUDLQVWUXFWXUHW\SLFDORIODVHUFODGGLQJ
,Q WKLV VWXG\ ODVHU FODGGLQJ XVLQJ 1L&U DOOR\ SRZGHU ZDV SHUIRUPHG ZLWK YDULRXV SURFHVV SDUDPHWHU
FRPELQDWLRQV WR GHSRVLW VLQJOH WUDFNV &URVVVHFWLRQV RI WKH WUDFNV ZHUH JHQHUDWHG LQ RUGHU WR GHWHUPLQH WUDFN
JHRPHWU\ FRPSRVLWLRQ DQG PLFURVWUXFWXUH 5HODWLRQVKLSV EHWZHHQ LQSXW SURFHVV SDUDPHWHUV DQG FODG WUDFN
FKDUDFWHULVWLFVZHUH LQYHVWLJDWHG2SWLPDOSURFHVVSDUDPHWHUVDUH LGHQWLILHG IRUPDQXIDFWXUHRI VDPSOHV IRU IXWXUH
KLJK WHPSHUDWXUH FKORULQHDVVRFLDWHG FRUURVLRQ WHVWV ,Q DGGLWLRQ WKH YDULRXV FRPPRQO\ XVHG WHFKQLTXHV WR
GHWHUPLQHFODGGLOXWLRQDUHFRPSDUHGDQGJXLGHOLQHVIRUWKHLUXVHSUHVHQWHG
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1RPHQFODWXUH
: ZLGWKRIODVHUFODGGLQJWUDFNPP
+ KHLJKWRIODVHUFODGGLQJWUDFNPP
K PHOWGHSWKRIODVHUFODGGLQJWUDFNPP
Ș GLOXWLRQUDWLRRIODVHUFODGGLQJWUDFN
ȡF GHQVLW\RIFODGGHGDOOR\SRZGHUJFP
ȡV GHQVLW\RIVXEVWUDWHPDWHULDOJFP
;FV ZHLJKWSHUFHQWRIHOHPHQW;LQWKHWRWDOVXUIDFHRIWKHFODGUHJLRQ
;F ZHLJKWSHUFHQWRIHOHPHQW;LQWKHVXEVWUDWH
$ DUHDRIWKHFODGUHJLRQZKLFKLVDERYHWKHVXEVWDWHPP
$ DUHDRIWKHFODGUHJLRQZKLFKEHQHDWKWKHVXEVWDWHPP
UO UDGLXVRIWKHODVHUEHDPPP
3 3RZHURIWKHODHUEHDPN:
3)5 3RZGHUIHHGUDWHJPLQ
Y /DVHUEHDPVFDQQLQJVSHHGPPPLQ
( 3RZHUGHQVLW\-PP
* 3RZGHUGHQVLW\JPP
([SHULPHQWDO
2.1. Laser cladding 
$V VKRZQ LQ )LJ  ODVHU FODGGLQJ LV DQ DGGLWLYH PDQXIDFWXULQJ WHFKQRORJ\ LQ ZKLFK D SRZGHUHG RU ZLUH
IHHGVWRFNPDWHULDOLVPHOWHGDQGGHSRVLWHGRQDVXUIDFHYLDWKHDFWLRQRIDODVHU7R\VHUNDQL.KDMHSRXUHWDO
7KH EDVLF SULQFLSOH LV TXLWH VLPSOH LH UDSLG PHOWLQJ RI WKH VXUIDFH OD\HU DQG FRDWLQJ PDWHULDO IROORZHG E\
VROLGLILFDWLRQ'HVDOH3DXOHWDO$ODUJHYDULHW\RIRSHUDWLQJSDUDPHWHUVDQGSK\VLFDOSKHQRPHQDGHWHUPLQH
WKHTXDOLW\RIODVHUFODGGLQJ7KHWKUHHPDMRULQSXWSDUDPHWHUVDUHODVHUSRZHUSRZGHUIHHGUDWHDQGVFDQQLQJVSHHG
RIODVHUEHDP7R\VHUNDQL.KDMHSRXUHWDO7KHRXWSXWVRIWKHODVHUFODGGLQJSURFHVVZKLFKFDQEHXVHGWR
GHWHUPLQHFODGTXDOLW\DUHJHRPHWU\PLFURVWUXFWXUHDQGFRPSRVLWLRQ$JRRGFODGVKRXOGEHIUHHIURPGHIHFWVVXFK
DVFUDFNVSRURVLW\DQGFRDUVHJUDLQV'LOXWLRQLVWKHFKDQJHLQFRPSRVLWLRQRIWKHFODGPDWHULDOGXHWRPL[LQJZLWK
WKHVXEVWUDWHZKLOVWPROWHQ(OHPHQWVIURPVXEVWUDWHDUHXVXDOO\GHWULPHQWDOWRFODGGHGOD\HU¶VWRWDOSURSHUWLHVVRLW
LV JHQHUDOO\ UHTXLUHG WR NHHS GLOXWLRQ WR PLQLPDO OHYHOV W\SLFDOO\ EHWZHHQ ̚  DUH UHJDUGHG DV DFFHSWDEOH
7R\VHUNDQL.KDMHSRXUHWDO

 B. Song et al. /  Physics Procedia  83 ( 2016 )  706 – 715 709

)LJ6FKHPDWLFRIWKHSRZGHUODVHUFODGGLQJSURFHVV
2.2. Laser cladding system setup and precautions 
7KH ODVHU FODGGLQJ V\VWHP XVHG LQ WKLV VWXG\ FRQWDLQV RI WKUHHPDLQ FRPSRQHQWV D  N: ,3* 2[IRUG8.
<WWHUELXPGRSHGFRQWLQXRXVZDYHILEUHODVHURSHUDWLQJDWDZDYHOHQJWKRIQPFRXSOHGZLWKDEHDPGHOLYHU\
V\VWHPPPFROOLPDWLQJOHQVDQGDPPIRFXVVLQJOHQVDODWHUDOFRSSHUMHWQR]]OHFRXSOHGZLWKDSRZGHU
IHHGHU 0RGHO  PDQXIDFWXUHG E\ 0LOOHU 7KHUPDO ,QF DQG 3UD[DLU 6XUIDFH 7HFKQRORJLHV DQG D FRPSXWHU
QXPHULFDOO\ FRQWUROOHG &1&  D[LV WDEOH 7KH VXEVWUDWH VXUIDFHZDV SRVLWLRQHG PP EHORZ WKH IRFDO SODQH
SURGXFLQJDODVHUVSRWGLDPHWHURIPPRQWKHVXUIDFH
7R SURWHFW FODG WUDFNV IURP R[LGDWLRQ WKH FODGGLQJ SURFHVV ZDV SHUIRUPHG LQ DQ DUJRQ ILOOHG FKDPEHU  7KH
VXEVWUDWH ZDV H[SRVHG WR DQ LQLWLDO ODVHU SDVV WR FOHDQ WKH VXUIDFH DQG HOHYDWH WKH VXEVWUDWH WHPSHUDWXUH WR
DSSUR[LPDWHO\&EHIRUH WKHFODGGLQJSURFHVVEHJDQ7KHVHVXUIDFHVSUHWUHDWPHQWFOHDQHG WKHVXUIDFHEHIRUH
GHSRVLWLRQ
2.3. Process parameters matrix 
$OOUHVXOWVSUHVHQWHGLQWKLVSDSHUDUHIURPVLQJOHWUDFNLHQRQRYHUODSSLQJFODGV7KUHHPDMRUSDUDPHWHUVZHUH
LQYHVWLJDWHGODVHUSRZHUSRZGHUIHHGUDWHDQGVFDQQLQJVSHHGDVVXPPDULVHGLQ7DEOH7ZREDWFKHVRIVDPSOHV
ZHUHXVHG,QWKHILUVWEDWFKODVHUSRZHUZDVLQFUHDVHGIURPN:WRN:LQN:VWHSVWKUHHVFDQQLQJVSHHGV
ZHUHXVHGDQGPPPLQSRZGHUIHHGUDWHVZHUHDQGJPLQ,QWKHVHFRQGEDWFKORZHU
ODVHUSRZHUVRIDQGN:ZHUHXVHGZLWKVFDQQLQJVSHHGVRIDQGPPPLQSRZGHUIHHGUDWHZDV
UHGXFHG WR  DQG  J PLQ 7KLV UHVXOWHG LQ D WRWDO RI  SDUDPHWHU FRPELQDWLRQV 7KURXJKRXW WKLV SDSHU WKH
LQGLYLGXDO WUDFNV DUH UHIHUUHG WRXVLQJ WKH IROORZLQJFRGLQJ FRQYHQWLRQ ODVHUSRZHUVFDQQLQJ VSHHGSRZGHU IHHG
UDWHLHDWUDFNGHSRVLWHGDWODVHUSRZHU N:VFDQQLQJVSHHG PPPLQDQGSRZGHUIHHGUDWH JPLQ
KDVDFRGHRI
2.4. Feedstock powder and substrates 
3ODWHVRIPPîPPîPPZHUHPDFKLQHGIURP$,6,DXVWHQLWLFVWDLQOHVVVWHHO%HIRUHFODGGLQJ
WKHVHSODWHVZHUHJULWEODVWHGDQGFOHDQHGZLWKDFHWRQHWRLPSURYHVXEVWUDWHVXUIDFHODVHUDEVRUSWLYLW\DQGHOLPLQDWH
FRQWDPLQDQWVUHVSHFWLYHO\7KHDGGLWLYHPDWHULDOLV1L&USRZGHU)1LZLWKDVL]HUDQJHRIȝP
ȝPVXSSOLHGE\3UD[DLU6XUIDFH7HFKQRORJ\/WG
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$V VKRZQ LQ )LJ  D DVUHFHLYHG SRZGHU SDUWLFOHV KDYH WKH VSKHULFDO VKDSH W\SLFDO RI LQHUW JDV DWRPLVHG
SDUWLFOHV6RPHVPDOOHUVDWHOOLWHVSKHUHVDUHDOVRVHHQDURXQGODUJHUSDUWLFOHV&URVVVHFWLRQLQJUHYHDOVDGHQGULWLF
VROLGLILFDWLRQSDWWHUQ)LJE
7DEOH([SHULPHQWDOSURFHVVSDUDPHWHUV
3URFHVVSDUDPHWHUV 9DOXHV
/DVHUSRZHU N:
/DVHUEHDPVFDQQLQJVSHHG DQGPPPLQ
3RZGHUIHHGUDWH DQGJPLQ
3RZGHUFDUULHUJDVIORZUDWH /V



)LJ6(0LPDJHVRIDVUHFHLYHG1L&USRZGHUDW\SLFDOVSKHULFDOVKDSHRIJDVDWRPL]HGSRZGHUEGHQGULWLFVROLGLILFDWLRQSDWWHUQ
2.5. Methods to evaluate laser cladding track quality 
7RPHDVXUHJHRPHWULFIHDWXUHVRIODVHUFODGGLQJWUDFNZLGWK:KHLJKW+DQGPHOWGHSWKKDVVKRZQLQ)LJ
 WUDFN VDPSOHVZHUH LQLWLDOO\ WUDQVYHUVHO\ VHFWLRQHGPRXQWHG LQ FRQGXFWLQJ UHVLQ DQG VHTXHQWLDOO\ JURXQG DQG
SROLVKHGXVLQJFROORLGDOVLOLFDWRDȝPVXUIDFHILQLVKWKHQWKHWUDFNVDPSOHVZHUHHOHFWURO\WLFDOO\HWFKHGXVLQJ
RUWKRSKRVSKRULF +32DFLG LQZDWHU W\SLFDOO\9 IRU V DIWHUHWFKLQJFODGEHDGFDQEHGLVWLQJXLVKHG
HDVLO\IURPVXEVWUDWHDFFRUGLQJWRILQDOO\YDOXHVRI:+DQGKFDQEHPHDVXUHGXVLQJ,PDJH-1DWLRQDO,QVWLWXWH
RI+HDOWK0DU\ODQG86$VRIWZDUH
)RU PLFURVWUXFWXUH DQDO\VLV PHWDOORJUDSKLFOO\ SUHSDUHG WUDFN VDPSOHV ZHUH YLHZHG XQGHU D 3KLOLSV ;/ 
6FDQQLQJ(OHFWURQ0LFURVFRSH6(0)(,(LQGKRYHQ1HWKHUODQG4XDQWLWDWLYHHQHUJ\GLVSHUVLYH;UD\DQDO\VLV
(';$ 2[IRUG ,QVWUXPHQWV 2[IRUG 8. ZDV XWLOLVHG LQ GHWHUPLQLQJ WKH HOHPHQWDO FRPSRVLWLRQ RI )H LQ WKH
WUDFNVE\FRQGXFWLQJIUHHKDQGVHOHFWLRQDUHDVFDQRQHDFKFURVVVHFWLRQHGWUDFNDVWKHVSHFWXUPVKRZQLQ)LJ
0HWKRGVRIPHDVXULQJDQGFDOFXODWLQJGLOXWLRQUDWLRȘFDQEHGLYLGHGLQWRWZRFDWHJRULHV2QHLVDFFRUGLQJWR
WKHSUDFWLFDOWHVW(';DQDO\VLVRI)HFRQWHQWLQWUDFNVRIWKHFRPSRVLWLRQRIFODGGLQJOD\HUH[SUHVVHGE\%UXFN

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
)LJ6(0LPDJHVRIFURVVVHFWLRQRIODVHUFODGGLQJWUDFN

7KH RWKHU LV EDVHG RQ WKH PHDVXUHG YDOXH RI FURVVVHFWLRQ DUHD RI FODGGLQJ OD\HU ,W LV FDOOHG WKH JHRPHWULF
GLOXWLRQZKLFKLVWKHVLPSOHDQGJHQHUDOUHSUHVHQWDWLRQRIGLOXWLRQ([DFWJHRPHWULFGLOXWLRQFDOFXODWLRQLVLQGLFDWHG
LQ(TXDWLRQ%UXFN+RZHYHUIRUFDOFXODWLRQFRQYHQLHQFHRIGLOXWLRQUDWLRWKHRXWOLQHRIFURVVVHFWLRQRI
FODGGLQJOD\HUDQGWKHERXQGDU\OLQHEHWZHHQFODGGLQJPDWHULDODQGVXEVWUDWHDUHERWKVHHQDVDSSUR[LPDWHGDUFVR
WKHDUHDVRI$ODQG$FDQEHWUHDWHGDVWKHVHFWLRQRIFLUFOH7KHQWKHH[SUHVVLRQRIGLOXWLRQUDWLRFDQEHZULWWHQDV
(TXDWLRQ=KDQJ=KDQJHWDO0DQ\UHVHDUFKHUVXVHGPRUHVLPSOLILHG(TXDWLRQZKLFKLVVLPSOHVWDQG
LWVHUURUQHHGWDNHFRQVLGHUDWLRQ:X=KXHWDO:X*XRHWDO

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,QWKLVVWXG\GLOXWLRQUDWLRZLOOEHPHDVXUHGDQGFDOFXODWHGXVLQJDOOIRXUNLQGVRIPHWKRGVRQHFRPSRVLWLRQDO
DQG WKUHHJHRPHWULFDO5HVXOWV IURPDOO WKHVHPHWKRGVZLOOEHFRPSDUHGIXUWKHU WRHYDOXDWH WKHDFFXUDF\RIHDFK
PHWKRG
5HVXOWVDQGGLVFXVVLRQ
3.1. Process window 
9LVXDOH[DPLQDWLRQRIDVGHSRVLWHGWUDFNVUHYHDOHGWKDWFRQWLQXRXVDGKHUHQWWUDFNVKDGEHHQJHQHUDWHGIRUHDFK
SDUDPHWHU FRPELQDWLRQ XVHG 7UDFN ZLGWKV UDQJHG IURP PP WR PP DQG WUDFN KHLJKWV IURP PP WR
PP 7KH PD[LPXP VXEVWUDWH PHOW GHSWK SURGXFHG ZDV PP &URVVVHFWLRQV RI WKUHH GLIIHUHQW WUDFNV DUH
VKRZQLQ)LJLQRUGHUWRLOOXVWUDWHWKHUDQJHRIJHRPHWULHVSURGXFHG&RPSRVLWLRQDOGLOXDWLRQUHVXOWVUDQJHGIURP
 WR)LJ VXPPDULVHV WKHSDUDPHWHU VSDFHXVHG LQ WKLVZRUN5HVXOWVDUHGLVSOD\HGXVLQJDQDUELWUDU\
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GHILQLWLRQRIDJRRGFODGDVRQHZLWKERWKDWOHDVWRIWKHLQWHUIDFHPHOWHGDQGQRSRURVLW\,WFDQEHQRWHGWKDW
WKHUHDUHQRJRRGFODGVIRUHLWKHUH[WUHPHRISRZGHUIHHGUDWHYDOXHVXVHGDQGJPLQ,WFDQDOVREHVHHQWKDW
SDUDPHWHUFRPELQDWLRQVUHVXOWLQJLQHQHUJ\SHUXQLWOHQJWKYDOXHVRIOHVVWKDQN-PGLGQRWSURGXFHDQ\JRRG
FODGV 7KH DUHD EHWZHHQ WKH WZR VXSHUSRVHG OLQHV LV WKHUHIRUH SURSRVHG DV D VXLWDEOH SURFHVV ZLQGRZ IRU ODVHU
FODGGLQJRI1L&U


)LJ2SWLFDOLPDJHVRIFURVVVHFWLRQVRIODVHUFODGGLQJWUDFNVIRUWKHFODGGLQJSDUDPHWHUVLQGLFDWHG

)LJ9DULDWLRQRIFODGTXDOLW\DFURVVWKHSDUDPHWHUVSDFHXVHGWKHWZROLQHVRXWOLQHWKHSURFHVVZLQGRZ

3.2. Effect of process parameters on clad geometry characteristics and dilution 
,Q )LJ WKH HIIHFW RI SRZHU RQ DVSHFW UDWLR DQG GLOXWLRQ FDQ EH VHHQ2YHUDOO WKH DVSHFW UDWLR LQFUHDVHVZLWK
LQFUHDVLQJSRZHUDQGGHFUHDVHVZLWKHQHUJ\SHUXQLWOHQJWK7KHGLOXWLRQLQFUHDVHVZLWKERWKSRZHUDQGHQHUJ\SHU
XQLWOHQJWK&KDQJLQJSRZHUKDVDPRUHPDUNHGHIIHFWRQWKHFRPSRVLWLRQDOGLOXWLRQWKDQRQWKHFODGDVSHFWUDWLR,W
VKRXOGEHQRWHGWKDWWKHN:UHVXOWIRUN-PDSSHDUVWREHDQDQRPDO\LQERWKFDVHV)HKOHU9HUZHLVTXHOOH
NRQQWH QLFKW JHIXQGHQ ZHUGHQ VKRZV UHVXOWV IRU D SRZGHU IHHG UDWH RI JPLQ UHVXOWV IRU RWKHU IHHG UDWHV
VKRZHGWKHVDPHWUHQGRILQFUHDVLQJFRPSRVLWLRQDOGLOXWLRQZLWKSRZHUDQGHQHUJ\SHUXQLWOHQJWK)RUDOOSRZGHU
IHHG UDWHV WKH HIIHFW RI SRZHU RQ DVSHFW UDWLR ZDV OHVV PDUNHG WKDQ RQ FRPSRVLWLRQDO GLOXWLRQ $Q LQFUHDVH LQ
GLOXWLRQZLWK LQFUHDVLQJSRZHU LV H[SHFWHGGXH WR WKH LQFUHDVHG H[WHQWRIPHOWLQJRI WKH VXEVWUDWH WKDW WKHKLJKHU
SRZHUSURGXFHVUHVXOWLQJLQJUHDWHUPL[LQJRIWKHVXEVWUDWHDQGFODGPDWHULDO
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
)LJ(IIHFWRIODVHUSRZHURQFODGWUDFNDVSHFWUDWLRDQGFRPSRVLWLRQDOGLOXWLRQIRUFODGVFDUULHGRXWXVLQJDSRZGHUIHHGUDWHRIJPLQ

&RQVLGHUDWLRQRIWKHH[SHFWHGHIIHFWRISRZHURQDVSHFWUDWLRLVOHVVVWUDWLJKWIRUZDUGDVWKHDVSHFWUDWLRFRPELQHV
WKHHIIHFWVRQWUDFNZLGWKDQGKHLJKW7KHGDWDXVHGWRGHWHUPLQHWKHDVSHFWUDWLRWKHFODGWUDFNZLGWKDQGKHLJKWLV
WKHUHIRUHSORWWHGGLUHFWO\LQ)LJLQRUGHUWREHWWHUXQGHUVWDQGWKHHIIHFWRIODVHUSRZHURQFODGWUDFNGLPHQVLRQV



,W FDQ EH VHHQ WKDW FODG WUDFNZLGWK LQFUHDVHVZLWK LQFUHDVLQJ HQHUJ\ SHU XQLW OHQJWK 7KLV LV H[SHFWHG DQG LV
VLPSO\GXHWRWKHODUJHUPHOWSRROWKDWWKHLQFUHDVHGHQHUJ\LQSXWSURGXFHV$OOGDWDSRLQWVDSSUR[LPDWHO\IDOORQWKH
VDPHVWUDLJKW OLQHFRQILUPLQJ WKDW WKHNH\IDFWRU LQIOXHQFLQJ WKHZLGWKRIFODGKHUH LV WKHHQHUJ\SHUXQLW OHQJWK
UDWKHUWKDQWKHODVHUSRZHU7KHUHLVJUHDWHUVFDWWHULQWKHKHLJKWGDWDZKLOHWKHUHLVVRPHLQGLFDWLRQRILQFUHDVLQJ
KHLJKWZLWKLQFUHDVLQJHQHUJ\SHUXQLWOHQJWKWKHRYHUDOOWUHQGLVOHVVGLVWLQFWWKDQIRUWKHZLGWKGDWD/RRNLQJDWWKH
N:N:DQGN:KHLJKWGDWDLWFDQEHVHHQWKDWWKHJUDGLHQWRIWKHOLQHWKURXJKWKHGDWDSRLQWVGHFUHDVHV
DVSRZHULQFUHDVHVVXJJHVWLQJWKDWWKHLQIOXHQFHRIHQHUJ\SHUXQLWOHQJWKGHFUHDVHVDVSRZHULQFUHDVHV7KLVPD\
EH UHODWHG WR WKH SURSRUWLRQDO LQFUHDVH LQ HQHUJ\ SHU XQLW OHQJWK KRZHYHU LWPXVW EH QRWHG WKDW WKH N: DQG
N:GDWDGRQRWIROORZWKLVSDWWHUQKHQFHIXUWKHULQYHVWLJDWLRQRIWKLVSRLQWLVUHTXLUHGEHIRUHDQ\FRQFXOVLRQFDQ
EHGUDZQ
)LJ(IIHFWRISRZHURQFODGWUDFNGLPHQVLRQVIRUFODGVFDUULHGRXWXVLQJDSRZGHUIHHGUDWHRIJPLQ
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3.3. Guidelines for dilution ratio calculation using four methods 
)LJ  VKRZV GLOXWLRQ UDWLR UHVXOWV REWDLQHG XVLQJ IRXU GLIIHUHQW PHWKRGV ,Q VRPH FDVHV VXFK DV 
DQGUHVXOWVIURPDOOIRXUPHWKRGVDUHZLWKLQDIHZSHUFHQWRIHDFKRWKHU+RZHYHUWKHUHDUH
ILYH FDVHVZKHUH WKH UDQJHRI WKHGLIIHUHQW UHVXOWV H[FHHGV 7KHN: UHVXOWV VWDQGRXW DV DJURXSZLWK D
SDUWLFXODUO\ODUJHYDULDWLRQEHWZHHQWKHFRPSRVLWLRQDOGLOXWLRQDQGJHRPHWULFGLOXWLRQUHVXOWV7KHUHLVQRVLJQLILFDQW
GLIIHUHQFHEHWZHHQUHVXOWVREWDLQHGXVLQJ(TXDWLRQDQG(TXDWLRQ
5HDOLVWLF DUHD PHDVXUHPHQW (TXDWLRQ  XVXDOO\ SURGXFHV VPDOOHU GLOXWLRQ UDWLRV WKDQ WKH PHWKRGV XVLQJ
(TXDWLRQDQG(TXDWLRQ7KHH[FHSWLRQWR WKLV LV WUDFNVDQG&ODG
PHOWHGLQWRVXEVWUDWHLQWKRVHWUDFNVDOVRH[KLELWVDWZRSHDNSDWWHUQDVVHHQIRULQ)LJ
7KHSRWHQWLDOWRREWDLQGLIIHUHQWGLOXWLRQUHVXOWVIURPGLIIHUHQWPHDVXUHPHQWPHWKRGVKDVEHHQGHPRQVWUDWHGDQG
UDLVHV WKHTXHVWLRQRIZKLFKLV WKH³EHVW´PHWKRG WRXVH7KHDQVZHU LV WKDW LWGHSHQGVRQ WKHDSSOLFDWLRQ LIFODG
JHRPHWU\LVDSULRULW\WKHQWKHJHRPHWULFDOGLOXWLRQPHWKRGVVKRXOGEHXVHG,IFKHPLFDOFRPSRVLWLRQLVDSULRULW\
VXFKDVIRUFRUURVLRQZRUNWKHQDQ('6EDVHGPHWKRGVKRXOGEHXVHGHYHQWKHQWKRXJKWLVUHTXLUHGUHJDUGLQJDQ\
VSDWLDOUHTXLUHPHQWVRIFRPSRVLWLRQ&DUHPXVWDOVREHWDNHQZKHQTXRWLQJRUFRPSDULQJGLOXWLRQUHVXOWVDVWKLVFDQ
KDYHOLPLWHGYDOLGLW\LIWKHGLOXWLRQPHDVXUHPHQWPHWKRGLVQRWIXOO\GHVFULEHG


)LJ&RPSDULVRQRIGLOXWLRQUHVXOWVREWDLQHGXVLQJGLIIHUHQWPHWKRGV
&RQFOXVLRQV
$V IDU DVZHDUH DZDUH WKLV LV WKH ILUVW WLPH WKDW ODVHU FODGGLQJRI1L&UKDVEHHQGHPRQVWUDWHG ,QWHUHVWLQJ
YDULDWLRQLQGLOXWLRQUHVXOWVDVDIXQFWLRQRIPHDVXUHPHQWWHFKQLTXHKDVEHHQQRWHG7KLVLVOLNHO\WREHRIVSHFLILF
LQWHUHVWWRFRUURVLRQUHODWHGDSSOLFDWLRQVZKHUHFRUURVLRQUHVLVWDQFHYDULHVZLWKFRPSRVLWLRQLHGLOXWLRQ2XUIXWXUH
ZRUNZLOOH[WHQGFRQVLGHUDWLRQRIKRZEHVWWRGHWHUPLQHDQGUHSRUWGLOXWLRQ7KHIROORZLQJVSHFLILFFRQFOXVLRQVFDQ
DOVREHGUDZQ

x 1L&UDOOR\SRZGHUZDVVXFFHVVIXOO\GHSRVLWHGRQVWDLQOHVVVWHHOE\ODVHUFODGGLQJ
x $SURFHVVZLQGRZIRUODVHUFODGGLQJRI1L&UKDVEHHQHVWDEOLVKHG
x 'LIIHUHQWGLOXWLRQPHDVXUHPHQWPHDVXUHPHQWVFDQSURGXFHYHU\GLIIHUHQWUHVXOWV
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